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,H;NJÂAYO\^ÂA#H³DGd HON²`DQdªd^A#_*YOa+A+CEDGIJÂDGYO\ `
H;NQP YfDQCOACEDQ_+\ªN C]A+C]A#HOAXY]HD6KﬂDQd^DQXﬂ`\^X+I0DJ` YVKAYfAA#X*P.F+d^d MﬂA
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H;\ªYO\^NQX¡KNJF+Xﬂ_+DQC  *KAYfAA#X?Y]a+A½DGXﬂDQdªNJI0DGX_¡_4\^IQ\ªY]DQdW_4NQÂ½DG\^XﬂH \^dªd[HOa+\ªP YY]N fDQC]_ﬂH
YOa+ADQXJY]AX+XD +DGﬂ+CONDQ`Ea+\^X+IuYOa+A³F+dªYO\^Â½DYOAIJNJDQdNQPDsP.F+d^d  ²_4\ªIJ\YEDGdlHONGP YÁDGC]ACEDQ_4\^NﬂR
ÀX½YOa+AVdª\^IQaYNQPYOa+A_4\ HO`FﬂHOHO\^NQX6DGKN QAQ\ªYKA#`NQÂA#H JFﬂ\Y]ABA !\ _4AXYY]aﬂDYÁDGXﬂDQdªNJI
YONÃ_4\^IQ\ªY]DGd`NQXQA#C;Y]ACEH½+d D rDnÂNJH;Y*`C]\Y]\^`#DGdCONJdªA¡\ªXvYOa+A~_4AQAd^NQﬂÂA#XY1NQP=YOa+A
¸!NGP YÁDGC]AµBDQ_+\ªN³Y]A#`Ea+X+NJdªNJI JR Áa+ABACOP.NQC]Â½DGXﬂ`ANGPYOaﬂA©TpDGXﬂ_\ªY]HdªN4`DGYO\^NQX\^X





\^K+\ªd^\ªY  ²DGX_6Y]a+A³COA`NQX ﬂIQF+CEDGKﬂ\ªd^\Y  ½N $A#COA_6K 
YOa+AVH  4H;YOAÂcR ÀXYOaﬂABP.NQd^d^N \ªX+I  fADGC]AIQNJ\ªX+I³Y]N=aﬂDJABD=`d^NJHOAC[d^N!NQDY[Y]a+AV©VT³fH
DGXﬂ_1_4\ HO`FﬂH]HfYOa+A#\ªCBACOP.NQC]Â½DGXﬂ`AV\ H]H;F+AHR
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©BX6\ _4ADGd©VT³ !DQH_4A+\ ` Y]A#_½\^X0Z\^IﬂRW4R J`NQXﬂHO\ HSYEH[NGPlD=H]DGÂ+d^ADQXﬂ_a+NQd _½`\^CE`F+\ªY
a+\ `Ea?ACOP.NQC]ÂHYOaﬂAH]DGÂ+d^\^X+I0NJA#C]DGYO\^NQX  `NJXQACOYO\^X+I½Y]a+A½`NJXJY]\ªX!F+NJFﬂHYO\^ÂA½HO\¿
IQXﬂDQd\ªXY]N6D_+\^H]`AYOA³YO\^ÂA=H;\^IQXDGd +D JFDGXYO\^A#C+DQXﬂ_²DQXcAXﬂ`N!_+AC a+\^`Ea*`NQXQA#C;YEH
YOa+A=_+\^H]`C]AY]A³H]DGÂ+d^A#HÁ\^XYON½_4\^IQ\ªY]DQdNJC]_+H#R
Z+NQCDGXj\ _4ADGd©VT³ Y]a+AuNJX+d  cHONQF+CE`A=NQPWAC]CONJCB\^HYOaﬂAsHON0`DQdªd^A#_ FﬂDQXJY]\^H]DY]\ªNJX
X+NQ\ HOA
en = yn − xn a+\ `Eaj\ HIQAXﬂACEDYOA_*\^XjYOaﬂA FﬂDQXYO\^#DY]\ªNJXj+C]N4`A#H]H#R³\QA#X
DGX©T\Y]apÂ½D
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• Áa+A FﬂDGXYO\^#DGYO\^NQX~X+NJ\^HOA½\^HsDjH]DGÂ+d^A6H;A JFﬂAXﬂ`A6NGPBDjH;Y]DGYO\^NQXﬂDQC  jCEDGX_4NQÂ
+C]N4`AHOH#R
• Áa+AXﬂNQ\ H;A³+C]N4`A#H]H en \ HÁF+Xﬂ`NQC]COA#d^DGYOA#_ﬃ\Y]a1YOa+A\^X++F4YH;A JFﬂAXﬂ`A xn R
• Áa+A½ﬂCONJKﬂDGK+\^d^\Y  j_4A#XﬂHO\Y  *P.FﬂXﬂ` Y]\ªNJX¡NQPY]a+AX+NQ\ H;A+C]N4`AHOH\ H³F+X+\ªP.NQC]Â N QA#C
[−∆2 ; ∆2 ]
R
• Áa+AXﬂNQ\ H;A³+C]N4`A#H]Hf\^H a+\Y]AQR
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N fACV\^HV\^Xﬂ_4AAX_4AXYP.CONJÂ Y]a+AHODQÂﬂdª\^X+I6CEDY]AN QA#C]H]DGÂ+d^\ªXﬂI`#DGXjKAFﬂH;A_cYON
H;ﬂCOADQ_Y]a+AÁX+NQ\ HOAN A#CUN QACUDKﬂDGX_uIJCOADYOA#CY]aﬂDGXsYOaﬂAfKDGXﬂ_\ _!Y]aNQPﬂY]a+AH;\^IQXﬂDQd 
_4A#`COADQHO\ªXﬂIYOa+As\ªXjKDGXﬂ_*XﬂNQ\ H;A=N fACR 'PWYOa+As\ªX+ﬂF4YHO\ªIJXﬂDGd\^HD½d^N  ﬂDQH]HHO\ªIJXﬂDGd
\Y]ajD½KﬂDQXﬂ_\ _!YOa
2fmax  fsample NQX+d ²D0H;Â½DGd^dP.CEDQ`YO\^NQXcNGPUYOaﬂAYONQY]DGdX+NQ\ HOA
N fAC\ªd^dVPDGd^dV\^XYON9Y]a+AjP.C]AF+A#Xﬂ`  ÃKﬂDQXﬂ_
[−fmax, fmax] R Áa+A¡X+NQ\ HOAjN fAC
NQF4YEH;\ _4AY]a+A6H;\^IQXDGdWKﬂDQXﬂ_\ _!YOao`DQX~KA½ADQHO\ªd ?HOF+++C]A#H]H;A_?K ?Dcd^N ºDQH]H ﬂdY]AC



















Áa+A³_ !XﬂDGÂ\ `BCEDGX+IJAIQ\QAH[Y]a+AC]DQX+IQABNQP\^X++F4YBDGÂ+d^\ªYOFﬂ_4AH P.NJC a+\ `Ea6Y]a+A³©T
+C]N!_+Fﬂ`AHD¡NJHO\Y]\ JAc¸Vµ	ﬀ · ﬁ'R 'Y½\ H_+A ﬂX+A_pDJHsYOa+AcCEDYO\^N?NQPY]a+AcN fACNGP³D


































ÀXnDjﬂC]DJ` YO\ `DQd©VT³ YOaﬂAC]A0A
 
\ HSYNGY]a+ACAC]CONJCuHONQF+CE`AHYOaDGXoY]a+A FﬂDQXYO\^#DY]\ªNJX
X+NQ\ HOAÂ½DG\^X+d  j_+F+AuY]N0Y]a+Adª\^Â\YEDYO\^NQXHV\^XjY]a+AaﬂDGCE_ÁDGC]AQR Áa+AÂNHSY\ªÂNQCOY]DQXJY
NQX+AHÁKA#\ªXﬂIﬂL
• ©A#C;Y]F+COAÁ±S\ªY;Y]AC
• Áa+A#COÂ½DQd BNQ\ HOA
• ÀXYOA#COÂN4_4F+d DY]\ªNJX²ﬂCON4_4Fﬂ`Y]H_4FﬂA³YON½X+NJX+dª\^X+ADGC]\Y]\ªAH
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_4A#`COADQHO\ªXﬂI½YOa+AsYONQY]DQdU¸VµNQPWYOa+A_4A !\ `AJR Áa+\ H\^HVAF+\DGd^AXYY]N1D²_4A#`COADQHOA=\^X





A` Y=Y]N*YOaﬂA0HODQÂ+dª\^X+I*Y]\ªÂAJR ÁaﬂA6ÂA#DGXoC]AﬂCOAH;A#XJYEHYOa+A²DQACEDGIJA_+Ad D ¡\^X~YOa+A









±S\YOYOA#CNQX+ANGPYOa+AÂ½DG\^XjPDJ` YONJC]Hd^\ªÂ\ªYO\^X+I²YOa+AKﬂDQXﬂ_\ _!YOahNGPÁDGX¡©VT³VR© _+AY]DQ\¿
dªA_oDGXﬂDQd  4HO\^H³NQPÁYOa+A²A $A#` YEH=NQP±S\ªY;Y]ACDGXﬂ_~NQYOa+A#CuH;NJF+CE`A#H³NQPAC]CONJC=DG+A#DQCO\^X+I*\^X
+CEDQ` Y]\^`#DGd©TfH\ HIQ\QA#X²\^X ﬀ » ﬁ¬R
Áa+AN fAC`NJXﬂHOF+Â4YO\^NQXh\^HDQX+NGY]a+AC\^ÂNQCOY]DQXY³ACOP.NQC]Â½DGXﬂ`AsÂADQHOF+COAsP.NQC
DGX©T AH;A#`\^DQdªd \^X \^COA#dªAHOHDG+ﬂdª\ `DGYO\^NQXﬂH a+AC]A[Y]a+AfKﬂDYOYOAC  d^\P.Af\^HUD`C]Fﬂ`\ DGd
\^H]HOF+AQR Áa+AN fAC`NJXﬂHOF+Â4YO\^NQX¡FﬂH;FDGd^d  *\^Xﬂ`C]A#DJH;AH \Y]a¡\^Xﬂ`C]A#DJH;\^X+I²COAH;NJdªF4Y]\ªNJX
DGXﬂ_hH]DGÂ+d^\ªX+IcCEDY]Aa+\ `Ea~dª\^Â\YEHYOa+A½ACOP.NQC]Â½DGXﬂ`AsNQPYOaﬂA6©TfH\ªX~D1ÂNQK+\^dªA
YOA#COÂ\^XﬂDGd¬R
ﬂ QACVYOaﬂAsd DQH;YVYfN²_+A#`DJ_4A#HYOa+A#COAaﬂDJA=KA#AX¡YOC]AÂAX_4NQFﬂHVC]A#HOA#DGCE`Ea*A $NQCOY]H
\ªX0YOa+ADQCOADNGPDQXﬂDGd^NQIuYON_4\ªIJ\YEDGd`NJXQACEHO\ªNJX  a+\ `Ea0d^A#_6YONsYOa+A³IJCOADYfDQÂNQF+XYNQP






2N − 1 `NJÂﬂDGCEDY]NQCEHR ﬂVX+A³\ªXﬂ+F4Y
NGP[DGd^dNGPUYOa+A`NJÂDGCEDYONJC]HÁ\ H`NQXﬂX+A#`YOA#_1Y]N6Y]a+Au\^X++F4Y³H;\^IQXDGd !\ D6D6H]DGÂ+d^AuDGX_
a+NQd _6`\ªCE`F+\ªY#R Áa+ANGY]a+AC\ªXﬂ+F4Y]HÁDQCOA`NQXﬂX+A#`YOA#_½YONsHOFﬂ`#`A#H]HO\ JAHSY]AﬂHNGPD=C]A#HO\^H;YONJC
d^DJ_+_4A#C a+\^`EacP.FﬂXﬂ` Y]\ªNJXﬂHDJHBD QNJdYEDGIJA=_4\ !\ _4AC DJH\^dªd^FﬂH;YOCEDYOA_c\ªXjZ\^IﬂR+R ﬂR Áa+A
COAP.AC]AXﬂ`A QNJdYEDGIQA`NQX+X+A` Y]A#_sYONY]a+ABC]A#HO\^H;YONJCWd^DJ_+_4A#C[COA#+C]A#HOAXY]HY]a+ACEDGX+IJAÁNGPYOa+A
©TVR©VHY]a+A0\^X++F4Y QNJdYEDGIQA½\^Xﬂ`COADQHOA#HlYOaﬂA²`NJÂﬂDGCEDY]NQCEH lNJX+A0DGP YOACDGX+NQYOa+A#C
g¨   	6   !
   	    6ﬂ 
















Áa+A9KAX+A+Y]H?NGPYOa+\ H?DQC]`Eaﬂ\Y]A#` Y]F+C]A9DGC]Ah\ªY]H¡HSY]C]DQ\ªIJaY;P.NQC ÁDGCE__4AH;\^IQX aﬂ\ªIJa










©ºÂsF+dªYO\ HSYEDGIQAs©T DJHVHOa+N Xj\^X?Z\^IﬂR=4R ¨ `NJXﬂH;\ H;Y]HBNQPD0`#DQH]`DJ_4A=NGP
k
H;Y]DQIQAH 




KAYA#AXA#DJ`EasH;Y]DGIJAﬀ » ﬁ'RTVF+C]\ªXﬂIVY]a+AÁNQACEDY]\ªNJX A#DJ`EasH;Y]DGIJAf`NQXQA#C;YEHlY]a+ANQF+YO+F4Y
P.CONJÂ YOaﬂA+COA!\ªNJFﬂHÁHSYEDGIQA\^XJY]N½Dsd^N C]A#HONQd^F4Y]\ªNJX²_4\^IQ\ªY]DQdl`N4_4A+DQXﬂ_0YOa+A#X1KDQ`EYON
DGX1DGXﬂDQdªNJIsC]A+C]A#HOAXYEDYO\^NQXR Áa+A³\^XJY]ACEHSYEDGIJADQÂﬂdª\ ﬂACÁ\ HfP.A#_ \ªYOa²YOa+A_4\ $A#COA#Xﬂ`A
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k(2m − 1) `NJÂﬂDGCEDY]NQCEHÁP.NQC k ×m K+\ªY]HNGP
COAH;NJdªF+YO\^NQX1\ªXﬂH;YOADQ_1NGP
2mk − 1  aﬂ\^`EacC]A#HOF+dYEH\^XcHOÂ½DGd^dªA#C_4\^A=H;\^Aﬂd^N A#CÁN fAC
`NJXﬂH;FﬂÂ+YO\^NQXpDQXﬂ_pCOA_4Fﬂ`A_n`NJH;Y#R ﬂVXnYOa+A*NQYOa+A#CaﬂDGXﬂ_ [YOaﬂAcHOAA#_pNGP`NQXJACO¿
H;\^NQX\ HHOF+KﬂH;Y]DQXJY]\^DQdªd ud^N fAC JHO\ªXﬂ`AÁYOa+A`NJX JACEH;\^NQXuY]DQQA#H[+d^DJ`AB\^X½ÂNQC]AÁYOaﬂDQX6NQXﬂA
HSY]AlR³\ªYOa¡YON4_+D ﬃ HBY]A#`Ea+X+NJdªNJI ÂsF+dY]\^H;Y]DQIQA©TfH`#DGX?DJ`Ea+\^A QAuF+jY]N¡g´6K+\ªY]H
NGPCOAH;NJdªF4Y]\ªNJX1DGYÂN4_4A#C]DGYOA³KﬂDQXﬂ_\ _!YOaﬂH"ﬀ » ﬁ'R






Â\^HO\ªXﬂI=YOA`Ea+X+NJdªNJI  a+\ `Ea6FﬂHOA#HX+NQ\ HOAVHOaﬂDG+\^X+IuYOA#`EaﬂX+\ F+AH\^X²`NQÂsK+\ªXDYO\^NQXﬃ\Y]a
N QA#C]H]DGÂ+d^\ªXﬂIYON³DQ`Ea+\^A JAfDVa+\^IQasCOAH;NJdªF4Y]\ªNJXlR© ﬂCEH;YNJC]_4A#CU¸4\ªIJÂDG¿'TVAdªY]DNQXJACO¿
YOA#C=\^H=\ªd^dªFHSY]C]DGYOA#_h\^X9Z\ªIR²4R ® a+AC]AYOa+A JFDGXYO\^A#CaﬂDQHKAA#X~ÂN4_4A#dªA_oDQHDQX





ÂN4_4Fﬂd^DGYONQCHOF+K`\^C]`F+\Y Dc_4\^IQ\ªY]DQdWdªN ºﬂDQH]H ﬂdY]AC
DGXﬂ_1D_4A#`\ªÂ½DGYONQCR
'PYOa+A_+\ªIJ\YEDGd4Y]NuDGXﬂDQdªNJI`NQXJACOYOACW\ HW\ _4A#DQd JYOaﬂABNQF4Y]+F4YDGY[YOaﬂA FﬂDGXYO\^A#C`DQX
KAIJ\ JAX1\ªX²YOaﬂA³YO\^ÂA=_+NQÂ½DG\^X*DQH#L
yn = xn−1 + en − en−1 ,4R » 
DGXﬂ_²\^X1¿'TVNQÂ½DQ\ªXlL
Y (z) = z−1X(z) + (1− z−1)E(z) ¬4R ¾ 
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`NQXﬂHO\ HSYEHBNGPWY]a+AsHOF+Â NGPWY]a+As_+Ad D QA#_c\^X++F+Y³HO\ªIJXﬂDGd+d^FﬂHBY]a+As_+\P ¿
P.AC]AXYO\ DY]A#_ FﬂDGXYO\^#DGYO\^NQX¡X+NQ\ H;AJR6¸!\ªX`A6_4\ $A#COA#XYO\ DYO\^NQXh\ HD²aﬂ\ªIJahDQH]H ﬂdY]AC]\ªXﬂI
NQACEDY]\ªNJX YOa+A FﬂDGXY]\ªDYO\^NQX?X+NQ\ H;A\ HDGY;Y]AX!FﬂDY]A#_¡DY³dªN  P.C]AF+A#Xﬂ`\^A#H³DQXﬂ_?DQÂs¿
+d^\ﬀﬂA_~DY=a+\^IQa¡P.COA F+AXﬂ`\ªAH  a+\ `Ea¡\ H=`DQdªd^A#_¡X+NJ\^HOA6H;aDG+\^X+IﬂR Áa+A½NJF4Y;¿'NGP ¿'KﬂDQXﬂ_







TB©ºDGXﬂ_h©TfHR Áa+\^H=+CON !\ _4A#H³HOF%6`\^AXY=C]A#HONQd^F4YO\^NQX¡P.NQCa+\^IQa~N JACEHODQÂﬂdª\^X+I
C]DGYOAHR©º_4AYEDG\^dªA_1DQXﬂDGd 4H;\ HÁNGPWHOFﬂ`Ea*DGX*©T\^HIJ\ JAX1\ªX ﬀ ¾ ﬁ  a+A#COA\ªY\ HBHOa+N X
YOaﬂDGYÁYOa+A³NQF+YO+F4YNQPlYOa+Ag¿¬K+\ªY JFDGXYO\^A#Cf\ Hf\ªX1+F+d HOA³_+AXﬂHO\Y  ½ÂN4_4F+d DY]A#_0P.NQC]Â½DY







Y (z) = z−1X(z) + (1− z−1)LE(z) 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r(t) = x(t) ∗ h(t, ν) + n(t) =
∫ ∞
−∞
h(t, ν)x(t − ν)dν + n(t) 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h(t, ν) = h(t)δ(ν)
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r(t) = h(t)x(t) + n(t)
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C]A#HOF+dªY]H
























 	  @


























 Áa+A=µ\ `A_4A#XﬂH;\ªY  0C]A#_+Fﬂ`AHY]N6DµBD !dªA#\ªIJa²_4A#XﬂH;\ªY  QR





























j2pifνdf = hl(t, ν) ∗ sin(piBν)
(piν)
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xl(t− n/B)hn(t) + n(t). ﬂRªg¾ 
Áa+A6P.NJCOÂ NQPBYOa+A²COA`A#\ JA#_oHO\ªIJXﬂDGdf\ªX ﬂRªg¾ ³\^Â+dª\^A#HsY]aﬂDYsYOa+Ac`EaﬂDGXﬂX+AdÁ`DQX9KA








hn(t)δ(ν − n/B) 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COA`A#\ JA#_*HO\ªIJXﬂDGd\^HVY]a+AC]AP.NJCOAuD1_4\ HSY]\ªX` YP.A#DY]F+C]A=YOaDY`DGX¡KAFﬂHOA#_cY]N²C]A#`NQIJX+\ª#A
DﬂDGCOYO\ `F+d DGCDQ\ªC\^XYOACOPDQ`AQR
Áa+AHOA#`NQXﬂ_?DQ_DGXYEDGIQAd^\^A#H\ªXjYOa+A_4\ HO`CO\^Â\ªXﬂDGYONJC  c`DQﬂDGK+\^d^\Y  1YOaDYY]a+AFﬂH;A
NGP`  4`d^\^`HSYEDY]\^H;YO\ `H+C]A#HOAXY]HVKAYfAAX?YOa+AHO\ªIJXﬂDGdUH;NJF+CE`A#H \ªYOa~_4\^HOﬂDQC]DGYOAu`  !`dªA
H;A#`YOCED0DQXﬂ_cYOaﬂAsC]NQK+FHSY]X+A#H]HDQIJDG\^XﬂH;YX+NJ\^HOAsDQXﬂ_*\^XJY]ACOP.AC]AXﬂ`A a+\ `Ea*Y]a+\^H³HO\ªIJXﬂDGd
H;A#dªA` Y]\ !\ªY  6+C]N \ _4AHR
¯lAY
x(t)
KA½D²X+NQ\ H  *NQKﬂHOAC DYO\^NQX?NGP[Y]a+A½`  4`d^NJH;Y]DGYO\^NQXﬂDQC  cH;\^IQXDGdUNGPf\ªXYOA#COAHSY
s(t)




\^HH;Y]DY]\ªNJXﬂDGC  0XﬂNQ\ H;AJR'Y³`#DGX*KAuADQHO\ªd 1HOa+N XcY]aﬂDYVYOa+A`  4`d^\^`sDGF4Y]NG¿















`  4`d^NJH;Y]DGYO\^NQXﬂDQCO\ªY  \ªY[\^HHSY]\ªd^d4NHOHO\^K+dªAÁY]NH;A#ﬂDGCEDY]AY]a+ABH;\^IQXDGd4NGP\ªXY]AC]A#H;YWP.CONJÂ YOa+A
\ªXY]ACOP.AC]AXﬂ`AsK ?`Ea+N!NH;\^X+IcD1`  4`d^\^`sP.C]AF+AX`  
α0
a+\^`Eah\ H=_4\ $A#COA#XJY³P.C]NQÂ Y]aﬂDY
¾J    ( (
 G< 
  





























RVZ+C]NQÂ ¬®4R ¨ﬂg(BDGXﬂ_¬®4R ¨  \YVP.NQd^dªN BH
YOaﬂDGY³`EaﬂNNH;\^X+I





















Áa+A0H]DGÂA0`NQXﬂHO\^_+ACEDYO\^NQXH=DGC]A0DGd HON DQdª\ _hP.NQCuYOa+A1`NJX±SF+IJDGYOA0`  4`d^\^`6DQF4YON4`NQC]COA¿
d^DGYO\^NQXÃDGXﬂ_Ã`NQX±SF+IDY]AcHOA#` Y]C]DQdB`NJCOC]Ad DY]\ªNJXp_4A#XﬂH;\ªY  9P.FﬂXﬂ` Y]\ªNJXﬂHRr@AXﬂ`A a+A#X
ÂuF+dªYO\^+d^AH;\^IQXﬂDQd^HN QA#COd DG½\^X²YO\^ÂA³DGX_6P.C]AF+A#Xﬂ`  ½_4NJÂDQ\ªX JY]a+A\^CB`  4`dª\ `VDQF4YON4`NQCO¿
COA#d^DGYO\^NQX~DGXﬂ_~¸ﬂfT¤P.FﬂXﬂ` Y]\ªNJXﬂH=_4N*X+NQYN QAC]d DG?\^XhYOa+A6`  4`d^AsP.C]AF+A#Xﬂ`  h_4NQÂ½DQ\ªX 
DQHÁd^NQX+I½DJHfYOa+AHO\ªIJXﬂDGd HÁNHOHOA#H]HÁ_4\ HSY]\ªXﬂ`Y`  4`d^A³P.C]AF+AX`\^A#H#R
@BN fA QA#CQ\ªX½+CEDQ`YO\ `AGYOaﬂ\^HA#C;P.A` YHO\ªIJXﬂDGdH;A#dªA` YO\!\Y   a+\ `EaYOaﬂAB\^_+A#DGd`  4`d^\^`
DGF4Y]N4`NQC]C]Ad DYO\^NQX=DQXﬂ_uYOa+AHOA` YOCEDGd4`NQC]COA#d^DGYO\^NQX=_4A#XﬂH;\ªY  ³P.F+Xﬂ`YO\^NQXﬂHUA
 
a+\ªKﬂ\Y JHOF$A#C]H
P.CONJÂ X+NQ\ H;ADGX_*\ªXY]ACOP.AC]AXﬂ`AQRZ+NJC X+\Y]AsNJKﬂHOAC DGYO\^NQX*d^AX+IQYOaﬂHYOaﬂAs+C]A#HOAX`AuNQP
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1@6?ﬂ%"L 'K+ 'K4#%"7+"-K@ 	 -%.G / -K'K4ﬂ/L %"& ,%NE E ;7:4ﬂ6+JI
'K4ﬂ%"7 $4#9"7+<?ﬂL
ÀXcYOa+\ HHOA#`YO\^NQX ﬂYOa+As`  4`d^NJH;Y]DGYO\^NQXﬂDQC  ½+C]NQACOYO\^A#HBNGP[`NJÂÂsF+X+\ `DGYO\^NQX*H;\^IQXDGd HDGC]A
\ªXJA#H;YO\^IJDY]A#_  a+\^`EaDGC]A¡`NQÂÂNQX+d ÃAXﬂ`NQF+XYOA#COA_r\^X+CEDQ`YO\ `AVH;Y]DGCOYO\^X+I \Y]a
KﬂDQHO\ `dª\^X+A#DQCÂN!_+F+d^DGYOA_oH;\^IQXﬂDQd^H`NQXYO\^X!F+\^X+I'\Y]an³i?¸4k ÂN4_4Fﬂd^DGYO\^NQX  a+\ `Ea
\^HfD JAC   \ _4A#d  ½FﬂHOA#_6X+NQX+d^\^X+A#DQCÂN4_4F+d DY]\ªNJX½Y  !AAH;A#`\^DQdªd \ªX TVij©KﬂDJH;A_
¸4i DQXﬂ_oT Á  H  4H;YOAÂ½HDJHu_4\ H]`FﬂH]H;A_~\ªX9`EaDG4Y]ACsﬂRj¸!F+KﬂHOAF+A#XJY]d  W`  4`d^\^`
DGF4Y]N4`NQC]C]Ad DYO\^NQXP.F+X` YO\^NQXHNQPﬂH;\^IQXDGd HKﬂDJH;A_NQX ﬂZTi¦DQXﬂ_sfTij©HO`Ea+A#ÂA#HDGC]A
\ªXJA#H;YO\^IJDY]A#_  a+\ `EanDQCOA6FH;A_o\ªXnX+AfACIQA#X+ACEDY]\ªNJX \^C]Ad^A#H]Hu`NJÂÂuF+X+\ `DGYO\^NQXﬂH
H  4H;YOA#ÂH#R
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 a+\^`Eac\ HD½C]A#DQdª\ H]DYO\^NQX1NGPUY]a+Au_4\ HO`COAYOAY]\ªÂA=CEDGX_4NQÂ
+C]N!`A#H]H
a










ang(t− nTs − ) ¬®4R ¨® 
\Y]a~YOa+A0F+X+!X+N XoH  !ÂsKNJd[YO\^Â\ªXﬂI

R ÀX~Y]a+A½P.NQd^d^N \ªX+I  fA0DQH]HOF+ÂAYOaﬂDGY=YOa+A





N!`#`F+C \ªYOanA FﬂDGdf+C]NQKﬂDQK+\ªd^\ªY  WDGXﬂ_9YOa+A
N4``FﬂCOC]AXﬂ`ANQPY]a+AH;Y]DGYOA#HU\^X6_4\ $A#COA#XYH  !ÂuKNQd4\^XYOA#C DGd HWDGC]AÁ\ªX_4AAXﬂ_+AXYNGPA#DJ`Ea
NGY]a+AC !YOaﬂDGYBÂA#DGXHfP.NQCÁYOaﬂA\ªXﬂ_+\ !\ _4FﬂDGdﬂCONJKﬂDGK+\^d^\Y]\ªAHL






P (an = a
(j) ∧ am = a(k)) = P (an = a(j)) · P (am = a(k)) ¬®4R ¨!· 
¾G¨    ( (
 G< 
  
 0 	 ﬃ 	   ﬁ0G 	;"  % 	C 
Áa+\ HsDJHOHOF+Â4YO\^NQXn\ªÂ+d^\ªAHsYOaﬂDGYuYOaﬂA1_+DGY]D¡H;A JFﬂAXﬂ`A0\ HuF+X`NQC]C]Ad DYOA_ Áa+A²YO\^ÂA
DGC  \^X+I0DQF4YON4`NQC]COA#d^DGYO\^NQX1P.F+Xﬂ`YO\^NQX?NQP[YOaﬂAsd^\ªXﬂA#DGCÂN4_4F+d DYOA_jHO\ªIJXﬂDGdU`DQXjKA`DQd¿
`F+d DY]A#_1DQH#L














\ HUC]A#DGdDGd^F+A_sDQXﬂ_=Y]a+AH  !ÂsKNJd+H;A JFﬂAXﬂ`A
an
\^HU\^Xﬂ_4A#A#Xﬂ_4AXY
DGXﬂ_Ã\ _4A#XJY]\^`#DGd^d  _4\ H;YOC]\ªK+F+YOA#_,.\¬R \¬R _lR  
E{ana∗m} = σ2aδ[n − m]
 a+A#COA
σ2a =




Rxx(t + τ/2, t− τ/2) = σ2a
∞∑
n=−∞
g(t− nTs −  + τ/2)
. g(t− nTs − − τ/2) ,®+R ¨» 
'YV\ HH;YOCEDG\^IQaY;P.NJC ÁDGCE_0YON0HOAAY]aﬂDY
































Rkfsxx (τ) = σ
2
d
sin[pikfs(Ts − |τ |)]
pik
ej2pikfs for|τ | < Ts ¬®4R ®4g 
     ﬁ .	6"3% 	C   5	ﬃ 
  @

































P.NQCBD  VM¸4k£H;\^IQXDGd\ªYOacCOA` YEDGX+IJF+d^DQCÁ+F+d H;AHOaﬂDGA
Áa+A³Â½DGIQXﬂ\Y]Fﬂ_4A³NGPYOa+A`  4`dª\ `³`NQC]C]Ad DYO\^NQX0A#H;YO\^ÂDGYOAP.NQCD  VM¸4kÂN4_4Fﬂd^DGYOA#_cHO\¿
IQXﬂDQd\Y]aCOA` Y]DQX+IQFﬂd^DQCﬂF+d^HOABHOaﬂDGA\^H_4\^HO+d D QA_u\^X½Z\^IﬂRW®4R^g a+AC]AfYOa+A_+\^H]`C]AY]A
`NJCOC]Ad DY]\ªNJXcHOF+COPDQ`A#HP.NJC
α = kfs











¸!\^Xﬂ`A²YOa+A1C]A#` YEDGX+IJF+d DGC=+Fﬂd^HOA1HOaﬂDQA²aﬂDQHD?HOA#` Y]COFﬂÂ a+\^`Eap_4A#`#D !HuCOA#d^DGYO\QA#d  
H;d^N d  \¬R AJR \Y]a
1/|f | P.NJCd^DQCOIJA f lNQYOa+A#C+F+d H;A½HOaﬂDGAP.F+Xﬂ`YO\^NQXﬂH \ªYOa~a+\^IQaﬂAC
H;A#`YOCEDGdUA56`\ªA#Xﬂ`  ?DQCOAFﬂHOFﬂDGd^d *AÂ+d^N  QA#_?\ªXh+CEDQ`YO\ `DGdU_4\^IQ\ªY]DQd[`NQÂÂsF+X+\ `DY]\ªNJX
H  4H;YOA#ÂH#R ÀX~Y]a+AP.NQd^d^N \ªX+I  fA6DGC]A½IQNJ\ªX+I1Y]Nj\ªXJA#H;YO\^IJDY]AYOa+A6\^X MﬂFﬂAXﬂ`A½NGPÁYOa+A
H;A#`YOC]F+Â NQP
g(t)














¾Q´    ( (
 G< 
  
 0 	 ﬃ 	   ﬁ0G 	;"  % 	C 
DGd^dªN BH[YOa+AVCOA#A
 
+C]A#H]H;\^NQXNQPYOa+A`  4`d^\^`VDGF4Y]N4`NQC]C]Ad DYO\^NQXP.F+X` YO\^NQX²\ªX6YOAC]Â½HNQPYOa+A
+F+d H;AHOA` Y]C]DﬂRW¡ANJK4Y]DQ\ªX
























+C]A#H]H;\^X+I=Y]a+A³\ªX ﬂX+\ªYOA=HOF+Â NGP+aﬂDQHONQCEHDJHÁDGX0\^XﬂXﬂ\Y]A=H;F+Â NQP\^Â+F+d H;AH fAIQAY



















































e−j2pi[(fτ+kfs(−τ/2)]G(f)G(kfs − f)df ,®+R ®G¨ 
Z+C]NQÂ ,®4R ®¨  Á\ªY0KA`NJÂAH0`dªADGC½Y]aﬂDY6Y]a+A?DQÂNJF+XY6NGP=`  !d^\^`?`NQC]C]Ad DYO\^NQX\^X
YOa+A*d^\^X+A#DQCÂN4_4F+d DY]A#_ÃHO\ªIJXﬂDGd_4A#A#Xﬂ_+H½NJXnY]a+AjH;A#`YOCEDGdN JAC]d^DQ++\^X+I?KAYfAA#X
YOa+AP.C]AF+A#Xﬂ`  0HOa+\ªP YOA_ JACEH;\^NQXHNQPYOaﬂA+F+d H;AHOA` YOC]F+Â +\¬R AJRUKAYA#AX
G(f)
DGXﬂ_
G(kfs − f) R Áa+AsDGÂNQF+XYBNQPY]a+\ HHOA` YOCEDGdN QAC]d DG++\^X+INQK!\^NQFﬂHOd  ²_4AAXﬂ_ﬂHBNQX
YOa+A=HOaﬂDQA³NGPYOaﬂAﬂDGCOYO\ `F+d DGCHO\ªIJXﬂDGd+Fﬂd^HOA³P.F+Xﬂ`YO\^NQXlR
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1 (n = 0)
0 (n 6= 0)
¬®4R ®Q® 
a+\ `Ea 4\ªX1P.C]AF+A#Xﬂ`  0_+NQÂ½DG\^X0Y]C]DQXﬂHOd^DGYOA#HfY]NYOa+A³P.NJdªd^N \ªXﬂI`NQXﬂ_+\Y]\ªNJX
∞∑
m=−∞
G(f + m/Ts) = Ts
¬®4R ®G´ 
a+\ `Ea1\ H`#DGd^dªA_²YOa+A    JFﬂ\^H;Y+F+d HOA=H;aﬂDQ+\^X+I6`C]\Y]AC]\ªNJX +NJC  F+\^H;YV`CO\ªYOA#CO\^NQX1P.NQC
_4\ HSY]NQCOYO\^NQX+d^A#H]HKﬂDQHOAKﬂDQXﬂ_?`NQÂÂuFﬂX+\^`#DY]\ªNJX ﬀ^g¨ ﬁ'R½Z+NJC
Ts = 1/B
 YOa+\ H`NJXﬂ_4\ªYO\^NQX
`DQXsNJX+d  KABH]DYO\ H ﬂA#_sK =DVC]A#`Y]DQX+IQF+d DGCUHOA` YOC]F+Â  aﬂ\^`EadªADQ_+HY]N³D+Fﬂd^HOAH;aﬂDQA
g(t) = sin(pit/Ts)pit/Ts
R@BN fA QA#CYOa+A#COADGC]AWYNﬂC]DJ` YO\ `DQdJ_4\ 6`F+dªYO\^A#HYOaﬂDGYÂ½DGJAWYOaﬂ\^H
+F+d H;AHOaﬂDGAF+XﬂHOF+\ªY]DQK+dªAP.NJCBH  4H;YOAÂ _4A#HO\^IQX
• Áa+\ H+F+d H;AHOaﬂDQAV\^H+a !HO\ `DGd^d sF+XﬂCOADGd^\ªDGK+d^AKA`DQFﬂH;ANGPYOaﬂAVDGKﬂCOF++Y[YOCEDGX4¿
HO\Y]\ªNJXﬂHBDGYfY]a+AKNQF+Xﬂ_ﬂDGC]\ªAHR
• g(t) _4A#`COADQHOA#H[DJH 1/|t| P.NQCd^DQCOIJA |t| !COAH;FﬂdY]\ªX+Is\ªX²D=C]Ad DYO\QA#d  HOdªN CEDY]ABNGP
_4A`D JRB©``NJC]_+\ªX+IJd  DY]\ªÂ\^X+I0Â\ H;Â½DGY]`Eaj\^XcYOa+AsCOA`A#\ JAC`#DGX*C]A#HOF+dY\ªX¡D
JAC  *a+\ªIJa?\^XYOACEH  ÂsKNJdU\ªXYOA#C;P.A#COA#Xﬂ`AJRu@BA#Xﬂ`AY]a+\^H+Fﬂd^HOA½H;aﬂDQADGd^d^N BHX+N
Â½DGC]IQ\^X²P.NQCAC]C]NQCÁ\ªX²YOaﬂA=HODQÂﬂdª\^X+IYO\^ÂA#H#R
¾Q»    ( (
 G< 
  
 0 	 ﬃ 	   ﬁ0G 	;"  % 	C 




6^| ¸!A#`YOCEDGdN QA#COd DG+ﬂ\ªX+I~KAYfAA#XYOa+A?P.COA F+AXﬂ`  H;a+\ªP YOA_ QA#C]HO\^NQXﬂH½NQP
G(f)
© \ _4Ad ~FﬂHOA#_o+Fﬂd^HOA1HOA#` Y]COFﬂÂ P.NJC=Y]a+\^H`#DQHOA6\^HuYOaﬂA²CEDG\ H;A_o`NH;\^X+A0HOA` Y]COF+Â 














|f | − 1−ρ2Ts
)]}








\ H`#DGd^dªA_YOa+AfCONJdªdJNGP4PDJ` YONJCDQXﬂ_³Y]DQQAH DGd^F+A#H\^XYOa+AfCEDGX+IJA
0 ≤ ρ ≤ 1 R Áa+AC]NQd^dN $jPDJ` Y]NQCB_4AYOAC]Â\ªXﬂA#HfYOaﬂA=DGÂNQF+XYNGPYOaﬂA=H;N½`DQdªd^A#_ 5  A5  

96/ :	0<:61 ²NGPYOa+A6HO\ªIJXﬂDGd  \¬R AJRuY]a+A½KﬂDGX_\^_4YOahN!`#`F+ﬂ\ªA_?K *Y]a+A½H;\^IQXﬂDQdUKA QNQX_
YOa+A    JFﬂ\^H;Y6KﬂDGX_\^_4YOa
WNyq = 1/Ts
 a+\ `Ea\ HYOaﬂAjÂ\ªX+\^ÂuFﬂÂ DGÂNJF+XYNQP











`A#H]HKDGXﬂ_\ _!Y]au\ HgÄQÄ 0R
Z+NJC
ρ = 0
\Y`NJXQAC]IQAHfYONcD½C]A#` YEDGX+IJF+d DGCVHOA#` Y]COFﬂÂ  DJHHOa+N Xj\^X¡Z\ªIc®4R  Áa+A
+F+d H;A
grc(t)











H;A#`YOC]F+ÂcR ÀX1YOa+\ HB`#DQHOA4Y]a+A=H;N½`#DGd^dªA_²C]N!NGYCEDG\ H;A_²`NJHO\ªX+A ﬂdªYOA#C]HDGC]AA#Â+dªN  JA#_R
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Áa+A³CON!NQYÁCEDG\ HOA#_1`NJHO\^X+AH;A#`YOCEDGdl`EaﬂDQC]DJ` YOA#CO\ H;YO\ `B\ HÁIQ\QAX1K L
Grrc(f) =
√
|Grc(f)| ¬®4R ®G¾ 
Áa+ACON!NGYÁCEDG\ H;A_6`NH;\^X+A ﬂdY]ACÁ\ HÁFﬂH;A_6\^X1HOAC]\^A#HﬂDG\^C]H4H;NsYOaDYÁYOa+AVYONQY]DQd ﬂdY]AC]\ªXﬂI
A $A#`Y\^HBYOaﬂDGYVNQPWDCEDG\ HOA#_c`NH;\^X+A ﬂdªYOA#C#RÁa+AsDQ_DGXYEDGIQA³\ HY]aﬂDY\ªPWYOaﬂAYOCEDGXﬂHOÂ\Y
H;\ _4A ﬂdªYOAC\ H³HSY]\ªÂsF+d DYOA_?K jDQX?\^ÂﬂF+d^HOAlYOa+A#X?Y]a+ACOA`A\QAH;\ _4A ﬂdªYOA#C\ HP.NQCE`A_




DY[Y]a+AVH]DGÂAY]\ªÂAVÂ\^X+\^Â\ª#\ªX+Is\ªXY]ACEH  !ÂuKNQdﬂ\ªXYOA#C;P.A#COA#Xﬂ`AJR ÁaﬂA+F+d HOABaﬂD!\ªXﬂIYOa+A
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 G< 
(  
 0 !%	 ﬃ 	   ﬁ .	6"3	C ﬀ 
©BIDG\^X QY]a+ABC]NQd^dﬂN $0PDQ`YONJC\ HWYOaﬂAﬂDQC]DQÂAYOA#C_4AY]AC]Â\ªX+\^X+IY]a+AA
 
`A#H]H[KDGXﬂ_\ _!Y]a
NGP³YOaﬂA?H;\^IQXDGd¬R  µ©  ;¸¿'¾® ;¸¿Eg#Q´oDQXﬂ_MT DGC]AjH;NJÂA*NQP³YOa+A?DQ\ªC0\ªXYOA#C;¿
PDQ`A#HFﬂH;\^X+IuYOa+AVCON!NGYfC]DQ\^HOA#_½`NJHO\ªXﬂAVHOA` YOC]F+Â !KNQYOa1DYY]a+AVYOCEDGXﬂHOÂ\YOYOACÁDGX_YOa+A
COA`A#\ JACR
¸!\ªX`AhYOa+AhC]NNQY1CEDG\ HOA#_r`NJHO\ªX+Ah+F+d HOAhHOA` Y]COF+Â HOF++ﬂCOAHOHOA#H0YOa+AhP.C]AF+A#Xﬂ`  




0 ≤ ρ ≤ 1 Y]a+AC]A
A
 
\ HSYEHX+N1H;A#`YOCEDGdN QA#COd DG+ﬂ\ªX+I½KAYfAA#X*YOaﬂA=P.C]AF+AX`  1YOCEDGXﬂHOd DYOA_ QA#C]HO\^NQXﬂHNQP
Grrc(f)
P.NJC |k| > 1 4\¬R AQR
Grrc(f)Grrc(kfs − f) = 0; |k| > 1 ,®+R ´ﬂg(
Áa!FﬂH [P.NQC½Djd^\ªXﬂA#DGCÂN4_4F+d DY]A#_nHO\^IQXﬂDQd \ªYOaCON!NQYsCEDG\ H;A_n`NH;\^X+A1H;A#`YOC]F+Â  A
IQAYHO\^IQX+\ `DQXY³HOA` Y]C]DQdU`NQC]COA#d^DGYO\^NQXjNJX+d *P.NQC
k = ±1 RZ\ªIj®4R ²\ªd^dªFHSY]C]DGYOA#HY]a+A
H;A#`YOCEDGdN QAC]d DG++\^X+I1P.NQCDjC]N!NGY=CEDG\ H;A_o`NJHO\^X+A6+F+d HOA0H;aDGA²DGX_
k = 1
R Áa+A






Áa+A0Â½DGIJX+\ªYOFﬂ_4A²NGPÁYOaﬂA²`  4`dª\ `6DGF+YON4`NJCOC]Ad DY]\ªNJX¡P.FﬂXﬂ` Y]\ªNJXoP.NQCD  VM¸4k ÂNG¿
_4F+d DY]A#_ÃH;\^IQXDGdAÂ+d^N  !\ªXﬂI~D~C]N!NGY½CEDG\ H;A_p`NJHO\ªX+A*HOA` Y]COF+Â \Y]a
ρ = 0.22
\ H
_4\ H;+d D QA_0\^X*Z\ªIR®4R ¨ﬂR[©HÁﬂCOA_4\^`YOA_ 4YOaﬂAu`  4`d^\ `DQF4YON4`NQC]COA#d^DGYO\^NQX6\ HBHOF+++C]A#H]H;A_
P.NQC |k| > 1 RÀX?`NQXYOCEDQH;YBY]N6YOaﬂAu+C]A !\^NQFﬂHV`DQHOAYOaﬂAs`  4`dª\ `=`NJCOC]Ad DY]\ªNJX*H;F+COPDQ`A#H
DY
α = ±fs ADG0DGY τ = 0
 ﬃ ﬃ     ! *,	 # /1#2-, 3 / $     $, ﬂ  $%#2- 	 ,  /   ﬁ 	 2  43(/ *
Áa+Aj³DGFﬂH]HO\^DQX9Â\ªX+\^ÂuFﬂÂ HOa+\P Y½JA  !\ªXﬂID¬³i?¸4k"  a+\ `Eap\ HAÂ+d^N  QA_9\^XÃ¸+i
DGXﬂ_ÃT f  \ H6D~X+NJX+d^\ªX+ADGC½ÂN4_4F+d DY]\ªNJXpY  !A a+\ `EaÃÂDQQAHYOa+AcY]a+ANJCOAYO\ `DGd
`DQd^`F+d^DGYO\^NQX½NQPlYOa+A³`  4`dª\ `DQF4YON4`NJCOC]Ad DY]\ªNJXP.F+Xﬂ` Y]\ªNJXﬂH F+\Y]ADs_4\ ½`F+dªYYEDQHOR Áa+A
DGXﬂDQd  4HO\^Hu+C]N \ _4A_o\ªX9YOa+\ HH;A` YO\^NQXp\^HsKﬂDJH;A_oNQXH;A#ﬂDGCEDY]\ªX+IcY]a+A*³i?¸4k HO\ªIJXﬂDGd
\ªXY]N6\YEHd^\^X+A#DQCDGXﬂ_cXﬂNQX+d^\ªXﬂA#DGC`NJÂNQXﬂAXY]HVDGXﬂ_1P.N4`FH;\^X+I6NJXcYOa+Asdª\^X+A#DQCBﬂDQC;YNQP
YOa+AHO\ªIJXﬂDGd  a+\ `Ea\^HWDAC]Â\ H]H;\^K+d^AÁDQ++C]NJDJ`Ea H;\^Xﬂ`AfY]a+Adª\^X+ADGCUﬂDGCOYWNGPYOa+ABHO\ªIJXﬂDGd




³i?¸4k`#DGXjKA\ªXYOA#COﬂCOAYOA#_?DQH³D²¿¬d^A JAdZW¸4kÂN4_4Fﬂd^DGYO\^NQX \ªYOahD6ÂN4_4F+d DY]\ªNJX
\ªX_4A












gf (τ − nTs)dτ
]
¬®4R ´J 
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\Y]a*YOaﬂAuH  !ÂsKNJdHOAF+AX`A
dn ∈ {−1, 1} +H  !ÂsKNJdCEDYOA fs = 1/Ts DGXﬂ_ gf (t) D
























Z+NJCBYOaﬂA¸4i H  4H;YOAÂ YOaﬂA=PDQ`YONJC
BTs = 0.3
ÁDQH`EaﬂNJHOAX  a+AC]A#DJHB\^X?T f  
BTs = 0.5
R ÀX½+CEDQ` Y]\^`AQYOa+AB\^XﬂXﬂ\Y]ABdªNJX+Is³DQFﬂHOHO\ DGX\ªÂ+Fﬂd^HOAB\ H[`F4YYONuD³d^AXﬂIGYOa
LTs
\ªYOa





























2l−1vK,l; vK,l ∈ 0; 1 ¬®4R ´Q´ 
Áa+AK+\ªYVHOAF+AX`A




R© QA#C  _4AY]DQ\ªd^A#_v_4\^H]`FHOHO\ªNJXDGKNQF+Y²Y]a+Ah_+AC]\ DY]\ªNJXNQP=YOa+A
Ad^AÂAXYEDGC  \ªÂ+F+d HOAP.NJCOÂ½H
cK(t)




NGPU»Ad^AÂAXY]DQC  ½\^Â+F+d H;A³P.FﬂXﬂ` Y]\ªNJXﬂHL
g#Ä      .0 
 G< 
(  














exp[jpiAK,n]cK(t− nTs) ¬®4R ´· 
'Y\ H[ADQHO\ªd HOAA#XYOaﬂDGYY]a+A ﬂCEH;YH;FﬂÂ¤`#DGX½KA\^XYOAC]+C]AY]A#_½DQHDd^\ªX+ADGCÂN4_4Fﬂd^DGYO\^NQXlR



















= slin(t) + snl(t)
¬®4R ´Q» 















Z+NJCÁD_4AY]DQ\ªd^A#_1_4\ HO`FﬂHOHO\^NQX0NJX0Y]a+\ HÁCOA#+COAH;A#XY]DY]\ªNJX0DGX_6Y]a+A³Ad^AÂAXY]DQC  ½\^Â+F+d H;A
P.F+Xﬂ`YO\^NQXﬂH
cK(t)




s(t) ≈ slin(t) =
∞∑
n=−∞


























 a+\ `Ea*\^HBX+NGYHOF+C]+CO\ HO\ªX+I +H;\^Xﬂ`A³YOa+As³i¡¸4k
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BTs → ∞ %a+\ `Ea9\^HDjd^\^X+A#DQCuÂN4_4F4¿
d^DGYO\^NQX?Y  AQR¸!\^Xﬂ`AYOaﬂA\^X++F+YHO\^IQXﬂDQdHOAF+A#Xﬂ`A
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¡A6H;Y]DQC;Y=NJF+C=DGXDGd !HO\ H \ªYOa~Y]a+A6`NJX±SF+IDYOA½`  !`dª\ `½DGF+YON4`NJCOC]Ad DY]\ªNJX
Rαss∗(τ)
NQP
Dh³i¡¸4k HO\ªIJXﬂDGd¬R ÀXd^\ªIJaJYNGPVYOa+A*_4\ H]`FﬂH]H;\^NQXDGKN QA[NQX+d oY]a+Acdª\^X+A#DQCﬂDGCOYNQP











E{znzm}c0(t− − nTs + τ/2)
· c0(t− −mTs − τ/2) ,®+R ·4g(
FﬂHO\ªX+IB¬®4R ·Ä fDQXﬂ_
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 G< 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\Y]a*YOaﬂAu`NJXﬂHSYEDGXY




R Áa!FﬂHÁY]a+AYOaﬂAu`NJX±SF+IJDGYOA=`  !`dª\ `DGF+YON4`NJCOC]Ad DY]\ªNJX6P.F+Xﬂ`YO\^NQXj`#DGXcKA
CO\ªY;Y]AX*DQH
Rαss∗(t + τ/2, t− τ/2) =
+∞∑
n=−∞
z2−∞(−1)nc0(t− − nTs + τ/2)
· c0(t− −mTs − τ/2) ,®+R ·G 
ﬂVK\^NQFH;d 





(−1)n \ H³A#CO\^N4_4\^` \ªYOaoD0AC]\^N!_¡AFﬂDQdUYON* aﬂ\^`EahdªADQ_+H
YON0D²`NJX±SF+IJDGYOAu`  4`d^NJH;Y]DY]\ªNJXﬂDGC]\ªY   \Y]a?`  4`dªAP.C]AF+A#Xﬂ`\^A#H
α = k/2Ts = kfs/2










Áa+A`NJX±SF+IJDGYOA`  4`dª\ `DGF4Y]N4`NQC]C]Ad DYO\^NQX6P.F+Xﬂ` Y]\ªNJX*`DGX1KA=`DGd `Fﬂd^DGYOA#_1DQH
R
kfs/2










(−1)nc0(t− − nTs + τ/2)













(−1)n = ejpin d^A#DJ_+HfYON
R
kfs/2















f1t− f1 + f1τ/2
+f2t− f2− f2τ/2− k(fs/2)t
)
]C0(f1)C0(f2)
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f1t− f1 + f1τ/2


































































a+\^K+\ªY]H[XﬂNQXﬂ`NQX±SF+IDY]AB`  4`d^NJH;Y]DGYO\^NQXﬂDQCO\ªY   \Y]a0DP.F+Xﬂ_ﬂDGÂAXY]DQd`  !`dªA
P.COA F+AXﬂ`  
αf = 1/Ts = fs
R µA`DQdªd^\ªXﬂI ¬®4R ®¨  YOaﬂAh`  !`dª\ `hDGF4Y]N!`NQC]COA#d^DGYO\^NQX
g#ÄJ´      .0 
 G< 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s
f /2
|C ( )|-ff /2s0|C (f)|0
Í)¹_Ô






¸!A#`YOCEDGdQN JAC]d^DQ++\^X+IP.NQC ,D Y]a+A`NJX±SF+IDYOAWDQXﬂ_ .K YOa+A[XﬂNQXﬂ`NQX±SF+IDY]A
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F4YON4`NJCOC]Ad DY]\ªNJX0Z+FﬂXﬂ` Y]\ªNJX²AHSY]\¿
Â½DYOA³NQPUDKﬂDJH;A¿¬KﬂDQXﬂ_²³i¡¸4k£HO\^IQXﬂDQd
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e−j2pi[(fτ+kfs(−τ/2)]C0(f)C0(kfs − f)df ,®+R ·G¾ 
:=	j¹  Q$	j«
7 m 	ﬀ § 
 FﬂDY]\ªNJXﬂH ¬®4R ·» =DGXﬂ_ ,®+R ·G¾ ³HOa+N £YOaﬂDGY=YOa+A1H;A#`YOC]F+Â NGPfYOa+A²+F+d H;A½P.FﬂXﬂ` Y]\ªNJX
c0(t)
_4AYOAC]Â\ªXﬂA#HYOa+AH;aﬂDQAVNGPKNGYOa²`NQXG±SF+IJDGYOADQXﬂ_½X+NJXﬂ`NJX±SF+IJDGYOADQF4YON4`NQC]COA#d^DG¿
YO\^NQXcP.F+X` YO\^NQXHNQPY]a+AsHO\^IQXﬂDQd,R¸!\^Xﬂ`AuH;A#`YOC]F+Â NGPUYOaﬂAu+F+d HOA
C0(f)
 DJHOHON4`\ DYOA_




C0(kfs−f) \ªX ¬®4R ·¾   a+\ `Ea½\ HW\ªd^d^FﬂHSY]C]DGYOA_\ªX6Z\^IﬂR
®4R ´ K P.NQC
k = 1
\ HQA#C  ²H;Â½DGd^d +dªADQ_4\^X+IY]N6DGX*DGd^ÂNJH;YYONGYEDGdHOF++ﬂCOAHOHO\ªNJX²NQPUYOa+A




C0(kfs/2− f) a+\ `Ea*DG+A#DQC]HÁ\^XcYOa+AA   +COAHOHO\^NQX²P.NQC
YOa+A`NJX±SF+IDYOA`  4`d^\ `sDQF4YON4`NJCOC]Ad DY]\ªNJX1P.F+Xﬂ` Y]\ªNJX  \ HVÂsFﬂ`Ea?d DGC]IQA#CDQHV\ªd^d^FﬂHSY]C]DGYOA_
\ªX9Z\^IﬂRj®4R ´ ,D  Â½DG!\^X+IcYOaﬂA²`NJX±SF+IDYOA6`  4`d^\^`6H;Y]DGYO\ ` Y]\^`#H=NGPÁY]a+A²³i?¸4k HO\ªIJXﬂDGd
YOa+Ad^NQIJ\^`#DGd`Ea+NJ\^`AVP.NJCÁYOa+AﬂF+CONJHOA³NGPUDG\^C\ªXYOA#C;PDJ`A³\ _4AXYO\ `#DYO\^NQXR




\ HVHOa+N X*\^X¡Z\^IﬂR®+R · aﬂAC]A=YOaﬂA_4\ H]`C]AYOA
`  4`d^\ ``NQC]C]Ad DYO\^NQXHOF+C;PDJ`AHUNGPYOa+AHO\^IQXﬂDQdﬂDY
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ÀXrDGX ﬂZUTVi%H  4H;YOAÂ fYOaﬂAjM¸4k NQC  ©i ÂN4_4F+d DYOA_Ã\ªX+P.NQC]ÂDGYO\^NQXH  ÂsKNJd^H
DGC]AuY]C]DQXﬂHOÂ\ªY;Y]A#_?N QACÂuFﬂdY]\ª+d^A6`DQCOC]\^ACEHB\^X¡ﬂDQC]DQdªd^Ad¬R ﬂZUTi FﬂHOA#HN JAC]d^DQ++\^X+I
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Z+C]NQÂY]a+Au`  !`dªN!A#COIJN!_+\^`_4A X+\Y]\ªNJXﬂHNQPY]a+A=`  4`dª\ `DGF4Y]N4`NQC]C]Ad DYO\^NQX0P.F+Xﬂ`YO\^NQXﬂH
IQ\QA#X²\^X ¬®4R^g® DQXﬂ_ ,®4R^g#´  4\ªYB\^HÁNJK\^NQFHfYOaﬂDGYDJ_+_4\ªYO\QAHO\ªX+A ÁDQA³`NJÂNJX+AXY]H
`DQXhKA6C]AIJAX+A#C]DGYOA#_jP.CONJÂ `  4`d^NJH;Y]DY]\ªNJXﬂDGC  jHO\ªIJXﬂDGd H³FﬂHO\ªX+IjHONj`DQdªd^A#_~_4A#d^D ¿ÀDGXﬂ_4¿

















x(t)x∗(t− Td)e−j2pif0tdt = Rf0xx(Td)e−j2pif0Td/2
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x(t)x(t − Td)e−j2pif0tdt = Rf0xx∗(Td)e−j2pif0Td/2
¬®4R ¾J 
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z Áa+A=TVAd D ¿'DQXﬂ_!¿[i*F+dªYO\^+d 0X+NJX+d^\ªX+ADGC]\Y  
P.NQCY]a+A[Ti _4A !\ `A%\ªYOa+NJF4Y`NJÂ+dªA
 
`NQX±SF+IDY]\ªNJXVNJA#C]DGYO\^NQX³COAH;A#`YO\QA#d  JR ÁaFH 
YOa+A\^XJY]AXﬂHO\ªY  ½NGPlY]a+AH;A#`YOCEDGddª\^X+A³COA#IQA#X+ACEDY]A#_K 6Ds_+Ad D J¿ÀDGX_!¿¬ÂsF+dªYO\^+d  _4A\ `A
\^HDQ`YOFﬂDQdªd 1AFﬂDGdYON0YOa+AsÂDQIQX+\ªYOF_4AuNQPY]a+A`NQC]C]A#HONJXﬂ_4\^X+IB`NJX±SF+IDYOAsNQCVX+NQX4¿




















P.NQC6d^\^X+A#DQC½ÂN4_4Fﬂd^DGYOA#_HO\^IQXﬂDQd^H#LjZ+C]NQÂ Z\^IﬂR ®4R^gc\Y0\ H½NJK !\^NQFﬂHY]aﬂDY0P.NQC6d^\ªXﬂA#DGC








τ = ±Ts/2 GDQXﬂ_\ªYWaﬂDQH
DAC]N½DY
τ = 0
R[@N AQA#C!\ªPUD+F+d HOA³HOaﬂDQA \ªYOacC]NNQYC]DQ\^HOA#_²`NJHO\^X+AH;A#`YOC]F+Â














YO\^NQXﬂDQCO\ªY  KNGYOa QACEHO\ªNJXﬂHNGPWY]a+AsTi _+A !\^`As`#DGX*KAsA#ÂﬂdªN  JA#_1P.NQCYOa+AHOA` YOCEDGd
dª\^X+AIJAX+A#C]DGYO\^NQXlR
Z\^IJH#R®4R^gQg³DGX_c®+Rªgu_+\^HO+d D ½YOa+A=HOA#` Y]C]DQddª\^X+AHCOA#IQA#X+ACEDY]A#_½P.C]NQÂ D³i¡¸4k
H;\^IQXDGd \Y]a
BTs = 0.3
K 6DsTi _+A !\^`A \ªYOa1`NJÂﬂdªA
 
`NQXG±SF+IJDGYO\^NQX6NJA#C]DGYO\^NQX 
a+\ `Eac`NQC]COAH;NQX_+HYONYOaﬂAX+NQXﬂ`NQX±SFﬂIJDY]A`  4`d^\^`DQF4YON4`NQC]COA#d^DGYO\^NQX6P.FﬂXﬂ` Y]\ªNJX ﬂDGX_
K ¡D*Ti X+NQX+d^\^X+A#DQCO\ªY  !\ªYOa+NJF4Ys`NJÂ+dªA
 
`NQX±SF+IDY]\ªNJX  a+\ `Eao`NJCOC]A#HONJXﬂ_+HVYON




dª\^X+AHRW©H_+\^H]`FﬂH]HOA#_½\^X1HOA#`YO\^NQX²®+R ﬂR  YOa+A³i?¸4k£H;\^IQXﬂDQdA
 
a+\ªKﬂ\YEHXﬂNQXﬂ`NQX±SF+IDY]A
`  4`d^NJH;Y]DGYO\^NQXﬂDQCO\ªY   \Y]aÃDh`  4`dªA1P.C]AF+AX`  
α = 1/Ts = fs
a+N AQA#C
Rfsxx(τ)
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x M¸+T NGPBY]a+A*TVi¶NQF4Y]+F4YP.NQC½D~³i?¸4k HO\^IQXﬂDQd  \Y]a+NQF+Y½`NQÂ+d^A
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`NJX±SF+IJDGYO\^NQX 
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\^H QA#C   ADG¡KA`DGFH;A6NQPYOa+A²+F+d H;A²H;aﬂDQA0\ªXQNJd JA#_R ÁaﬂAC]AP.NQC]AYOaﬂA²HOA` YOCEDGd
dª\^X+A6DGY
f = fs






















M¸4T NGPY]a+A²Ti NQF+YO+F4YsP.NQCuYOa+AﬂZTi HO\ªIJXﬂDGdNGPHOA#` Y]\ªNJXn®4R +R c\^Hs_4\ H;+d D QA_
\ªXpZ\^IﬂR~®4R^g#  aﬂAC]A½YOa+A1H;A#`YOCEDGdfdª\^X+AHs`NQC]COAH;NQXﬂ_+\ªX+IcY]N¡_4\ H]`C]AYOA²`  4`d^\^`²DGF4¿
YON4`NJCOC]Ad DY]\ªNJX1HOF+COPDQ`A#HBDGYaﬂDGC]ÂNQX+\ `HÁNQP
1/Ts
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FﬂHOA#_~\^XoYOa+A²dª\ªYOA#C]DGYOF+C]A½P.NJCu+C]A#HOAXﬂ`A0_4AYOA#`YO\^NQXoNQPT¸ Q¸+¸oHO\ªIJXﬂDGd HF+X_4ACX+NQ\ HOA
\ªXﬀ ¨®(ﬁUDGXﬂ_ ﬀ ¨J´ ﬁ 4P.NJCYOa+A=_+AYOA` Y]\ªNJX1NQPUYOa+A=`EaﬂDQX+X+A#dDGd^dªN4`#DYO\^NQX1\^X4P.NQC]Â½DYO\^NQX1\^XjD
H;A#`YOC]F+Â N!NJdª\^X+I²H  4HSY]AÂ \^Xﬀ ¨!· ﬁ P.NQCÂN!_+F+d^DGYO\^NQX*Y  !As`d^DJHOHO\ﬀ`DY]\ªNJX*NGPMf¸4k
DGXﬂ_hi?¸4k H;\^IQXDGd H\^X ﬀ ¨» ﬁ[NQCP.NQCH  !Xﬂ`Ea+C]NQX+\^#DGYO\^NQXj+FﬂCONJHOA#H\^XDﬀ ¨J¾ ﬁ¬R@BN fA JAC 
YOa+\ HﬂDGACEHaﬂDQAfDGXﬂDQd  4HOA#_³Y]a+AÁH;A#`YOCEDGd!dª\^X+AfCOA#IQA#X+ACEDY]\ªNJX \Y]a+NQF4Y[DQX  ³ÂAXY]\ªNJX
NGPYOa+A=`NQXﬂ`A4YBNQP`  4`dªNHSYEDYO\^NQXDGC]\Y  JR
 ﬃ ﬃ  ﬁ.&(' ' /1$  
Áa+A[`  4`dªNHSYEDYO\^NQXDGC  BH;\^IQXﬂDQdQDGXDGd !HO\ H+CON !\ _4A#_V\^X³YOa+\ HlHOA#` Y]\ªNJXH;a+N BHYOaﬂDGYH;\^IQXﬂDQd^H
P.CONJÂ _4\ﬀ$AC]AXY½DG\^Cu\^XYOACOPDQ`A#HsA
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Y  !AHVaDQHH;a+N X¡`NQXG±SF+IJDGYOADGXﬂ_ NQCVX+NQXﬂ`NQX±SFﬂIJDY]As`  !`dªNHSYEDY]\ªNJXﬂDGC  0KAaﬂD!\^NQF+C
\Y]aj`  4`d^A³P.C]AF+AX`\^A#HBDQXﬂ_c_4Ad D 4HCOA#d^DGYOA_6Y]N½YOa+AsH  !ÂuKNQdNQCB`Ea+\^*C]DGYOAHÁNGPUYOa+A
ﬂDGCOYO\ `Fﬂd^DQCUH  4HSY]AÂcR DQK+dªA®+RªgHOF+ÂÂ½DGC]\ª#A#HYOaﬂACOAH;F+dªY]H[NGPﬂY]a+ADQXﬂDGd 4H;\ HP.CONJÂYOaﬂ\^H
H;A` Y]\ªNJX  a+A#COA
τ0
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HSYEDY]\ªNJXﬂDGC  ¡KAaD\^NQCsNGP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  4`d^NJH;Y]DGYO\^NQXﬂDQC  KAaﬂD!\^NQF+CNQP_4\ $AC]AXYH;\^IQXDGdY  !AH
\ªX¡`NQX`F+C]COA#Xﬂ`A \Y]a*YOa+A½¸4µH;YOC]Fﬂ`YOF+C]As_4\ HO+d^D JA#_c\^X?Z\ªIRugJRªgﬂY]a+AsﬂCONJK+dªA#Â NQP
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Áa+\ HHOA#` Y]\ªNJX³+CON !\ _4A#HDÂAYOaﬂN!_P.NJC_4AYOA` YO\^X+IY]a+A[+C]A#HOAX`A[NQP4`  4`d^NJH;Y]DY]\ªNJXﬂDGC]\ªY  
\ªXcDIQ\QA#X1HO\ªIJXﬂDGdA#ÂﬂdªN  !\^X+IuY]a+A=H;Y]DY]\^H;YO\ `DQdYOA#H;YP.NQCÁY]a+A³+C]A#HOAXﬂ`ANQP`NQX±SF+IDY]A
`  4`d^NJH;Y]DGYO\^NQXﬂDQCO\ªY   a+\ `EaaﬂDQHKA#AXu_4AQA#dªNJA_³K  TDGXﬂ_ﬂD fDGYOAW\^X ﬀ ®QÄ ﬁP.NQC_+\^H]`C]AY]A
YO\^ÂA+C]N4`AHOHOA#H a+\ `EauA
 






X+NQX`NQXG±SF+IJDGYOA³`  4`d^NJH;Y]DGYO\^NQXﬂDQCO\ªY  6DGd H;NR
Áa+AYOAHSYV+CON !\ _4A#_²\^XcYOa+\ HHOA#`YO\^NQX*`Ea+A#`E4HÁP.NJCDIQ\QA#X*`  4`d^A³P.COA F+AXﬂ`  
α =
α0
YOa+A+C]A#HOAXﬂ`AuNQP[YOa+A½`NQX±SF+IDY]As`  4`dªNHSYEDYO\^NQXDGC]\Y  0P.CONJÂ D0_+DGY]D1H;A#IQÂAXYVNQP
dªA#X+IGY]a
To
R Áa+A_4\ HO`COAYOAfYO\^ÂA QACEHO\ªNJXuNGPYOa+AÁAHSY]\ªÂ½DY]\ªNJXsNQPﬂY]a+A`NQXG±SF+IJDGYOAÁ`  4`d^\^`










Y]a+Aj_4\ HO`COAYOA QA#C]HO\ªNJX9NGPVYOa+Acd DGIhﬂDGCEDGÂAYOAC
τ
RÃ@BAC]AYOa+A*DJHOH  !ÂAYOC]\^`
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1× 2N C]N  JA#` Y]NQCB`NQXﬂHO\^H;YO\^X+I







































































rˆxx∗ = rxx∗ + ∆xx∗
¬®4R ¾Q» 
HO\ªXﬂI³YOa+\ H QA` Y]NQCO¿¬Â½DY]CO\
 
X+NQY]DY]\ªNJX Y]a+AB_4AY]A#`YO\^NQXNGPYOa+A+COAH;A#Xﬂ`AÁNQP`NQX±SF+IDY]A


















YO\^NQXﬂDQCO\ªY  Y]a+AfP.NQd^dªN \^X+IKﬂ\ªXﬂDQC  ³a !NQYOa+AH;\ HYOAHSY]\ªX+I+C]NQK+d^AÂ `#DGXuKAfP.NQC]ÂuF+d DY]A#_L
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H0 : α0
\ HX+NQYBD½`  4`d^AP.COA JFﬂAXﬂ`   ∀v ∈ {vn}Nn=1 ⇒ rˆxx∗ = ∆xx∗
H1 : α0
\ HBD`  4`dªAP.C]AF+AX`  ½P.NJCBH;NJÂA











TA\ HO\ªX+IjDc_4A`\ H;\^NQX~H;YOCEDYOA#I *P.NJC³YOa+\ HK+\^XﬂDQC  ja !NGYOaﬂA#HO\^HY]A#H;YO\^X+I*+C]NQK+d^AÂ
COA F+\ªC]A#HBYOa+A!X+N d^A#_4IJA=NGPYOa+A_4\ HSY]CO\^K+F4Y]\ªNJX?NGP
∆xx∗
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T0 → ∞ R ÀX*aﬂ\^H fNQC]+TVDQXﬂ_+D ÁDY]AaﬂDQH








XﬂNQC]ÂDQd[_4\ HSY]CO\^K+F4Y]A#_ +CON !\ _4A#_jYOaﬂDGY
x(t)
P.F+dªd ﬂd H=DcH;N





aﬂDQH=KA#AX9+C]N QA#X¡K ~H;aﬂN \ªX+IcY]aﬂDY`F+ÂsF+d^DQXY]H=NQPNQCE_4ACEH ≥ 3 NQP √ToRˆαxx∗(v)
DGX+\ H;ahDQH  !Â+YONGY]\^`#DGd^d  \,R AQR=DJH
To → ∞ a+\ `Ea?\ H³D²_4\^C]A#` Y³C]A#HOF+dYNGP[Y]a+A½DGKNG¿
QA#ÂA#XYO\^NQX+A_6Â\
 




IJDGYOADQXﬂ_X+NQX`NQXG±SF+IJDGYOA`CONHOH[HOA#` Y]C]DQd`NQC]COA#d^DGYO\^NQX_4AXﬂHO\ªY  sP.FﬂXﬂ` Y]\ªNJXﬂH[NQPYOa+AVd^DQI
+C]N!_+Fﬂ` YEH



















∗) = Sα−βfvfρ (−β)
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a+AC]AYOa+A=`CONHOHÁHOA` Y]C]DQdl_4AXﬂHO\ªY  6P.F+Xﬂ`YO\^NQXﬂHDQCOA_4AﬂX+A_1DJHL







cov(fv [i], fρ[i + ξ])e
−j2pifξe−j2piαt
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= N (0,Σxx∗) ,®+RªgÄJ 
a+AC]A D
=
_+AX+NQYOA#HY]a+A`NQXQA#COIJAXﬂ`A\ªX1_4\ HSY]CO\^K+F4Y]\ªNJX0DGXﬂ_ N (0,Σxx∗) \ HÁD=ÂuFﬂdY]\¿
DGC]\^DGYOABX+NJCOÂ½DQdﬂ_4\ HSY]CO\^K+F4Y]\ªNJX \Y]a6ÂA#DQX6ÄuDGX_½`N DGC]\^DQXﬂ`AÂ½DGYOC]\
  Σxx∗
 a+\ `Ea








































Q(∗)(l, m) = S2α0fvlf∗vm
(α0)
Q(l, m) = S0fvlfvm
(−α0) ,®+RªgÄG¨ 
¸!\^Xﬂ`AY]a+A6DQH  !Â+YONGY]\^`H;Y]DGYO\ HSY]\^`#H³NGPfYOa+A½AHSY]\ªÂ½DY]\ªNJX¡A#COC]NQC³\ H!X+N X  Y]a+A½IQA#X+A¿
C]DQdª\^A_cdª\^QA#dª\^a+N!N4_c+C]\ªXﬂ`\ªﬂdªA`DGX*KAAÂ+d^N  QA#_²Y]N0IQA#X+ACEDY]AuD6HOF+\ªY]DGKﬂdªA_4A#`\^HO\ªNJX
HSYEDY]\^H;YO\ `HfP.NJCÁYOa+AK+\^XﬂDQC  6a !NGYOaﬂA#HO\^HfY]A#H;Y#R
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ﬂVX+A[NQPY]a+AÂNHSY`Ad^AK+CEDY]A#_ÂAY]a+N4_+Hl\^XYOaﬂAH;Y]DY]\^H;YO\ `Hl\^HYOa+AH;N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Histogram of the simulation results, N=1 
Histogramm of the simulation results, N=2 
χ26 Distribution
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Histogram of the Simulation resullts under H1
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ckxs(i,v) = cxs1 ...xsk (i,v)
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To(Ψˆ−Ψ) D= N (0,ΣΨ) 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D≈ N (Torxx∗Σ−1xx∗rTxx∗ , 4Torxx∗Σ−1xx∗rTxx∗)
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